(open grey circles). The V m was then binned with 2mV steps and the mean spiking rates were calculated (filled blue circles). The threshold (-58mV) was determined as the left edge of the first bin with response larger than 0.1spike/sec. Data points smaller than43mV, at which the slope is the steepest, were used to fit a power-law function. Points at the right end were significantly deviated from the fitted curve. In contrast to a sharp threshold, the transformation from mean V m to spiking was smoothed by the variability in V m . (b) The V m -to-spiking transformation was well fitted by a sigmoid function. All data points of the same cell in (a) were used to get the optimized fit. Pooled data were presented as mean±s.e.m.
Supplementary Figure S4. Interocular phase difference in mouse simple cells. (a)
The distribution of interocular phase difference of V m responses. One stimulus cycle (500ms) was defined as 360°. The V m response was first averaged cycle-by-cycle (see inset panels for examples, blue for contralateral and green for ipsilateral response), and its phase was calculated as the phase of its Fourier transform at the stimulus frequency. (b) Phase shift was plotted against the cell's preferred orientation. The orientations were converted into a range from 0° (vertical) to 90° (horizontal) . No significant correlation between the interocular phase shift and preferred orientation was seen (correlation coefficient=-0.39, p=0.13 ). Figure S5 . Sublinear V m integration is not due to action potential shunting. (a) Integration ratio curves for all conditions (black) and low spiking conditions (blue). When a neuron is spiking at a high rate, its input resistance reduces so that the depolarization evoked by synaptic inputs becomes smaller, which could potentially contribute to sublinear Vm integration. We thus selectively analyzed responses with spiking rate lower than 0.5 spikes/sec, under which the shunting effect is negligible. The integration ratio at these conditions was similar to that including all conditions. 
Supplementary

Supplementary Methods
Quantification of orientation selectivity index (OSI), circular variance (CV) and ocular dominance index (ODI)
OSI was calculated as the ratio of (R pref -R orth )/(R pref +R orth ), where R orth was the mean response at the two directions orthogonal to the pref_θ. CV was calculated as the vector length of ΣR(θ)e 2iθ /ΣR(θ), after the baseline (minimal R) was first subtracted from the tuning curve.
Smaller CV, ranging between 0 and 1, indicates sharper tuning. Disparity selective index was calculated in a similar way, (R pref -R shift )/(R pref +R shift ), where R shift was the response when the interocular phase difference was shifted 180˚ away from the preferred phase.
An modified ocular dominance index (ODI) was calculated to examine the binocularity of dLGN cells: (R dominant -R weak )/( R dominant +R weak ), where R dominant and R weak were the responses through the dominant and weak eye, respectively. This ODI ranged from 0 to 1. An ODI of 0 indicates balanced responses through the two eyes, while an ODI of 1 indicates that the cell is monocular.
Identification of fast-spiking interneurons
To identify putative fast-spiking interneurons from extracellular recordings, we quantified the spike waveform with two parameters: peak-by-trough ratio and rising slope. The rising slope was calculated as the slope of voltage increase at 0.15ms after the spike trough, and normalized by the trough amplitude. Extracellularly-recorded spikes of fast-spiking interneurons tend to have smaller peak-by-trough ratio and larger normalized rising slope. Only the normalized rising slope was used to identify putative fast-spiking interneuron because it showed a bimodal distribution across the population of recorded cells.
Removal of spikes from intracellularly recorded voltage traces
In intracellular recordings, spikes were detected by fast deflections in V m . The first derivative of V m was calculated, and the start of a spike was detected when dV/dt reached a positive cutoff (C + ). Once the start of a spike was found, its repolarizaing phase was analyzed, in which dV/dt was negative. The end of the spike was defined as the time when dV/dt was recovered to a negative cutoff (C -). Because the measured V m dynamics was influenced by the pipette resistance 
Estimation of pipette properties and intrinsic membrane properties in intracellular recordings
To calculate membrane and pipette electric properties that were needed for measuring synaptic conductances, we used the equivalent electric circuit of current-clamp recording as shown in Supplementary Fig. S6a . The circuit can be described by the following differential equations: 
Pharmacology
Diazepam solution (Sigma-Aldrich, 30g/kg, in 50% propylene glycol and 10% saline, i.p.) was injected into Gad65-/-mutants for 2 doses, 24 hours apart. The animals were anesthetized and recorded 24 hours after the second injection.
Tetrodotoxin (TTX, Sigma-Aldrich) was use to acutely silence callosal projections. Glass pipette with a tip of ~10μm was filled with 200nM TTX and 0.25% Fast Green in ACSF. A tiny amount of sun flower oil (Sigma-Aldrich) was sucked into the pipette's tip to seal the drug solution. The pipette was inserted into the cortex at 500μm deep. Single unit was first recorded on the other hemisphere, and then 0.3 to 0.5μl of the drug solution was injected into the cortex, using a syringe connected to the pipette. The color of Fast Green could be seen within 1mm from the injection site. Visually-evoked potentials were completely abolished in the injected V1 (data not shown). After injection, the same single unit was studied again.
Electrode track labeling
In one experiment with dLGN recording, we marked the electrode track with fluorescent dye to confirm the recording location. After recording a single unit, the electrode was retrieved and soaked in 5% DiI (Invitrogen) in DMSO. The electrode was then inserted back to the same depth.
To improve the labeling, additional DiI solution was applied in the craniotomy window, and the electrode was slowly withdrawn from the brain to let the dye flow into the track. The mouse was perfused with PBS and then 4% paraformaldehyde (PFA) solution. The brain was dissected out and fixed in 4% PFA overnight. Coronal slices of 150μm thick were cut from the fixed brain, using a vibratome (Campden Instruments, IN). Images were taken by a Zeiss epifluoresence microscope.
Receptive Field Based Model
The modeled receptive field of a simple cell includes 4 subregions, excitatory ON (Ex ON OFF . The contralateral and ipsilateral receptive fields were simulated with the same structure, but the conductance amplitudes for the ipsilateral eye were 80% of the corresponding contralateral ones, to reflect the contralateral bias in mouse V1.
The visual stimulus, M(x,y,t), was modeled as sinusoidal gratings with its phase changing with time. The spatial frequency was 0.04 cycle/degree, and the temporal frequency was 2 cycle/sec. Element values in M ranged from -1 to +1. The synaptic conductance (g(t)) generated by stimulating each subfield was calculated as the spatial integration of positive values in the array multiplication of S and M, at each time point: The total synaptic conductances for excitation (g Ex (t)) and inhibition (g Inh (t)) were the sum of the two signs (e.g. g Ex (t)=g ExON (t)+g ExOFF (t)). g 0 differed in excitatory and inhibitory subregions, but was the same for ON and OFF.
To investigate inhibition's role in binocular integration, we simulated with E:I ratios (max(g Ex (t))/ max(g Inh (t)), at the preferred orientation) of 1:1.2, 1:1.6 and 1:2, and carefully adjusted g0 in each case to achieve similar monocular V m response. The peak g Ex was 6.3, 10.2 and 23.8ns for E:I=1:1.2, 1:1.6 and 1:2.
The V m response was simulated using the passive single compartment model described in the last section. In this model, C m =100pF, R in =100MΩ, V r =-65mV, E Ex =0mV and E Inh =-70mV.
V m was transformed to spiking rate with sigmoid function (see Data Analysis), using the following parameters: r max =80Hz, v th =-52.5mV, d 1/2 =8mV and k=2mV.
The model was implemented and numerically simulated in Matlab (MathWorks).
